A phytochemical investigation of the crude extracts of the bark and leaves of Calophyllum symingtonianum has resulted in the isolation of inophyllum D, inophyllum H, calanone, isocordato-oblongic acid, amentoflavone, carpachromene and lupenone. Their chemical structures were elucidated and confirmed by spectroscopic analysis. All flavonoids and coumarins showed significant α-glucosidase inhibitory activity, while amentoflavone gave a positive result against 15-lipoxygenase inhibition.
Calophyllum species of the Guttiferae family are confined to pantropical forest and comprise approximately 180-200 species. The majority of the plants are trees or shrubs and some of them are useful for timber. C. symingtonianum M. R. Henderson & Wyatt-Smith is distributed around the Malay Peninsula and is known as 'bintangor bukit'. It can be identified as an evergreen broad-leaved tree and usually grows in forests at an altitude of 100 -150 m [1a] . Previous studies reported that this genus is a rich source of coumarins [1b,c] , xanthones [1d] , chromanone carboxylic acids [1e], flavonoids [1f] and terpenoids [1g] . To date, the extracts and xanthones from the heartwoods of C. symingtonianum showed broad antimicrobial activity against Staphylococcus aureus, Gloeophyllum trabeum and Pycnoporus sanguineus and have high total phenolic content [1a] . The current phytochemical studies on the bark and leaves led to the isolation of three coumarins, one chromanone carboxylic acid, two flavonoids and a triterpene.
The structures of the phytochemicals were elucidated on the basis of 1D and 2D NMR data (COSY, HMQC and HMBC) and by comparison with published literature. The compounds were characterized as inophyllum D (1), inophyllum H (2), calanone (3), isocordato-oblongic acid (4), amentoflavone (5), carpachromene (6) and lupenone (7). Inophyllum D (1) and inophyllum H (2) were previously isolated from C. inophyllum [2a] , and calanone (3) and isocordato-oblongic acid (4), from C. teysmanii [2b] and C. cordato-oblongum, respectively [2c] . Amentoflavone (5) and carpachromene (6) were isolated from Garcinia livingstonei [2d] and Artocarpus fulvicortex [2e], respectively . All compounds were isolated and reported for the first time from C. symingtonianum. In this study, the α-glucosidase and 15-lipoxygenase (15-LOX) enzymatic inhibitory activities of all compounds were evaluated. The 50% inhibitory concentration (IC 50 ) against α-glucosidase and 15-LOX are presented in Table 1 and Both flavonoids, amentoflavone (5) and carpachromene (6), exhibited significant inhibitory activities with IC 50 values of 6.4 µM and 13.5 µM, respectively, much lower than the standard control acarbose (456.4 µM), which was comparable with the reported value [3c]. The large aromatic 'conjugated-systems' in the flavonoids could be important for α-glucosidase inhibitory activity [3d]. Inophyllum D (1) showed the strongest inhibition among the coumarins tested with an IC 50 of 35.7 µM, followed by inophyllum H (2) (IC 50 62.3 µM) and calanone (3) (IC 50 >100 µM). Comparing the IC 50 inhibition trends, we could deduce that the presence of the 2,3-dimethylchromanol ring in the coumarin skeleton might play an important role for the inhibitory activity. The presence of the phenyl ketone moiety in calanone (3) may be responsible for its poorer activity.
15-LOX is an epidermis-type of non-heme iron containing dioxygenase enzyme in humans. The enzyme catalyzes the oxidation of arachidonic acid or linoleic acid, which contain a series of cis-double bonds, and produces hydroperoxy fatty acids [4a] . These are further metabolized into leukotrienes, which act as signaling compounds and lead to inflammation [4b]. Amentoflavone (5) was the most potential inhibitor with the lowest IC 50 against 15-LOX activity at 0.04 µM and much lower than quercetin (3.6 µM) as the standard control. This maybe because amentoflavone (5) has a larger number of hydroxyl groups compared to quercetin, which increases its hydrophilicity thus restrain the enzymatic activity [4c] . The presence of the 2,3-double bond and 4-oxo group in the C-ring of the flavonoid skeleton may also contribute to inhibition activity [4c]. 
Extraction and isolation:
The air-dried bark (2.43 kg) and leaves (2.02 kg) of C. symingtonianum were macerated with dichloromethane and MeOH for 3 days, respectively. The extracts were filtered and concentrated under reduced pressure to yield the dichloromethane bark extract (238 g, 9.79%), the MeOH bark extract (109 g, 4.51%), the dichloromethane leaf extract (106 g, 5.23%) and the MeOH leaf extract (97 g, 4.80%). The dichloromethane bark extract (43.2 g) was subjected to VLC with n-hexane/CHCl 3 in increasing polarity by 5% to afford 4 major fractions. The second fraction (35 g) was re-fractionated by VLC with n-hexane/CHCl 3 with increasing polarity by 5% to give another 5 sub-fractions. The fifth sub-fraction (10.4 g) was purified by CC (n-hexane:CHCl 3 ; 9:1) to give inophyllum D (1) (90 mg, 0.21%) as a white amorphous solid with mp 201-202ºC and [α] +26.7 (c 0.033, CHCl 3 ) [5a] , and isocordato-oblongic acid (4) (590 mg, 1.37%) as yellow gum{[α] +27.8 (c 0.033, CHCl 3 )}. The dichloromethane leaf extract (35 g) was subjected to fractionation by VLC eluting with n-hexane/CHCl 3 in increasing polarity by 10% to afford 7 fractions. The fourth fraction (2.5 g) was purified by CC (n-hexane:CHCl 3 ; 9:1) to give lupenone (7) (47 mg, 0.13%) as colorless needles {mp 159-161ºC (lit [5b] 160-161ºC)}. The fifth fraction (3.4 g) was purified by CC (n-hexane:CHCl 3 ; 4:1) to yield calanone (3) (1.6 g, 4.54%) as yellow crystals, with mp 190-191ºC (lit [5c] 190-192ºC) . Purification of the sixth fraction (2.9 g) by CC (n-hexane:CHCl 3 ; 4:1) yielded carpachromene (6) (50 mg, 0.14%) as pale yellow needles with mp 236-238ºC (lit [5d] 239-241ºC). The seventh fraction (4.31 g) was subjected to CC (n-hexane:EtOAc; 95:5) to give inophyllum H (2) (15 mg, 0.04%) as a yellow amorphous solid with mp 199-200ºC and [α] +57.5 (c 0.033, CHCl 3 ) [2a] . The fractionation of the methanol leaf extract (40 g) by VLC using n-hexane/EtOAc in increasing polarity by 10% as eluent afforded 5 major fractions. Purification of the fifth fraction (4.5 g) by CC (n-hexane:EtOAc; 3:7) gave amentoflavone (5) (390 mg, 0.49%) as the major compound, with mp 254-255ºC (lit [5e] 254-256 ºC).
α-Glucosidase inhibitory assay:
The assay was performed following the methods of Mediani et al. [6a] , with slight modifications. In brief, 10 µL of sample with concentration of 100, 80, 60, 40, 20, 10 and 1 µM in 5% DMSO was added to 130 µL of potassium diphosphate buffer (30 mM, pH 6.5) and 10 µL α-glucosidase enzyme (Maltase -2 U/mL) in the 96-well plate. The mixture was incubated for 20 min. at 37°C before addition of 50 µL of p-nitrophenyl-α-D-glucopyranoside (p-NPG) (1 mM). The mixture was incubated for another 20 min. at 37°C in the dark. The reaction was quenched by adding 50 µL of sodium carbonate solution (0.2 M) and the absorbance was recorded at 405 nm by measuring the quantity of p-nitrophenol released from p-NPG. Acarbose was employed as the positive control for this assay. The percentage of inhibition was calculated as a percentage relative to a control. Calophyllum symingtonianum: chemical and biological investigations Natural Product Communications Vol. 10 (9) 2015 1587 initiated by adding 10 µL of the substrate arachidonic acid to all wells. The plate was then shaken for 5 min. on an orbital shaker. Chromogen solution (prepared according to the protocol) (100 µL) was added to all wells to stop the enzyme catalysis. The plate was incubated for 30 min and read at 515 nm. Quercetin was used as positive control for this assay. Results were expressed as a percentage relative to the initial activity.
Inhibition concentration (%IC) = [(A Initial activity -[A Sample -A Blank sample ]) / A Initial activity ] x 100%, Where A Sample is the absorbance of the reaction mixture of the test sample, A Blank sample is the absorbance of the reaction mixture containing all reagents except enzyme, and A Initial activity is the absorbance of 100% initial activity.
